The electromagnetic and weak structure functions of the photon can be studied in the deep inelastic electron-photon processes eγ → e + X and eγ → ν + X. While at low energies only virtual photon exchange is operative in the neutral-current process, additional Z-exchange becomes relevant for high Q 2 of order M 2 Z at e + e − linear colliders. Likewise the charged-current process can be observed at these high energy colliders. By measuring the electroweak neutral-and charged-current structure functions, the up-and down-type quark content of the photon can be determined separately.
1. The photon structure functions, which can be measured in deep-inelastic electronphoton scattering [1] , are an area of theoretically exciting QCD phenomena. In contrast to the structure function of the proton, the transverse structure function of the photon is predicted to rise linearly with the logarithm of the momentum transfer Q 2 and to increase with increasing Bjorken x [2] . The quark-parton prediction is renormalized in QCD by gluon bremsstrahlung to order unity without altering the basic characteristics, and the absolute magnitude of the photon structure function is asymptotically determined by the QCD coupling [3] . The characteristic features of the photon structure function F γ 2 are borne out by experimental data [4] though significant improvement of the experimental accuracy is still demanded. At large momentum transfer Q 2 of the order of the Z, W masses squared, the neutralcurrent (NC) eγ process becomes sensitive to the exchange of virtual Z * bosons in addition to the virtual γ * photon; moreover the charged-current (CC) process, mediated by virtual W * exchange, becomes experimentally accessible [5, 6] :
These processes can be studied at e + e − linear colliders [7] where the high energy γ beams can be generated by Compton back-scattering of laser light [8] . When exploring the quark structure of the photon by virtual photons, up-and down-type quarks are probed at a fixed ratio 4:1. However, since the weak charges of the quarks differ from the electric charges, the mechanisms (1) and (2) can be exploited to determine the up-and downtype quark content of the photon separately at high Q 2 . These measurements are an interesting task since for asymptotic energies the up/down quark decomposition of the photon can be predicted by QCD.
2.
The differential cross section of the NC process for unpolarized leptons and photons is parametrized by two structure functions F γ,NC 2 and F γ,NC L :
while the CC process is parametrized by three structure functions F
α is the electromagnetic coupling defined at the scale Q 2 , G F the Fermi coupling; M W and sin 2 θ w are the W mass and the electroweak mixing angle. The momentum transfer Q 2 , the Bjorken variable x = Q 2 /2q · p γ and y = q · p γ /k · p γ (with p γ , q denoting the γ, γ * and k the incoming lepton four-momenta) can be expressed in terms of the electron energies E e , E ′ e , the scattering angle of the electron Θ e and the invariant hadron energy W h in the final state for the NC process:
For the CC process, including the invisible neutrino in the final state, the Blondel-Jacquet representation of these variables must be used, defined in terms of hadron momenta in the final state [9] :
E h , p h and p ⊥h are the sum of hadron energies and of longitudinal and transverse momenta in the laboratory frame with respect to the beam axis. The analysis of the structure functions does not depend on the γ spectrum of the initial state in either case; in fact, the invariant (eγ) energy can be reconstructed on an event-by-event basis from the momentum transfer and the scaling variables, s eγ = Q 2 /(xy). Experimental observation of the events requires minimal scattering angles in the NC process and hadron angles in the final state of the CC process. In practice this restricts Q 2 to more than 50 GeV 2 .
3. Restricting ourselves in this letter 1 to leading-order QCD predictions which have been proven in Ref. [10] to be quite accurate, the relevant structure functions and
In this representation, use has been made ofq = q for the quark distributions in the photon. The charged-current structure functions for positron scattering are obtained from (6) by exchanging up-and down-type quarks. The effective chargesê q are given by the coherent superposition of the electric γ and the electroweak left-and right-chiral Z charges:ê
with
The modification of the electric charge e 2 q to the effective chargeê 2 q becomes increasingly important at Q 2 above 10 3 GeV 2 . Anticipating that experiments may be feasible up to Q 2 of order of 10 5 GeV 2 at 500 GeV colliders (see [7] for experimental simulations), and of order 10
6 GeV 2 at 1 TeV colliders, the Q 2 evolution of the effective chargesê electron and positron scattering can be written in a simple form in the variables x, y [5] :
The cross sections for electron and positron beams are equal by CP invariance.
The size of the cross sections is shown in Fig. 3 and Fig. 4 for the NC and CC processes. The differential cross sections (8, 9) are integrated down to a minimum Q 2 min ≤ xys eγ for fixed 2 initial γ energies E γ = 0.8E e and electron beam energies E e = 250 GeV and 0.5 TeV [7] . The full curves correspond to the NC cross section obtained with the parametrization of Ref. [12] in which the parton densities are evolved from an ansatz defined at low Q 2 ; the dotted lines indicate the electromagnetic component of the NC cross section. Due to the Z exchange, the cross section increases by 25 % for Q [12] (GRV) and Ref. [13] (GRS). The asymptotic solution [3] is indicated by the full line.
4.
Examining the predicted size of the cross sections in Fig. 3 and Fig. 4 , it is obvious that the NC and CC processes can be investigated for an experimentally large range of Q 2 . With the expected eγ luminosity in excess of L > ∼ 100f b −1 /a in a high-luminosity machine, such as TESLA [14] , a cross section of size σ ∼ 10 −1 pb gives rise to a sample of ∼ 10 4 events per year. The effect of the Z exchange on the NC process and the CC process can be exploited to separate the up-and down-type quark components of the photon, as evident from the cross sections (8, 9) . The separation will allow to examine the initial conditions for the evolution of the parton densities from low Q 2 values. Choosing an incoherent instead of a coherent superposition of vector-meson states leads to quite different u/d ratios. While in the valence region the ratio of u to d quarks in the photon is expected to be 4:1, the ratio should approach 1:1 when the evolution to democratically distributed sea quarks is fully operative. Involving a two-step splitting process q → g → q ′ , the transition can only be observed for sufficiently small x as exemplified in Fig. 5 for the parametrizations of Refs. [12, 13] at Q 2 = 5 × 10 4 GeV 2 and the asymptotic solution. x values down to order 10 −2 will be accessible at these colliders even for large Q 2 values.
